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RECOMMENDATIONS

1. Relatively sparse stands of alfalfa designed for seed production are preferable to denser stands designed for hay production. The best row spacing for conditions
comparable with those in the Logan and Newton, Utah, nurseries appears to be about
24 inches. With this row spacing a pound of seed per acre is equivalent to about
10 seeds per foot. The 3 to 5 plants per foot that will usually develop from this seeding
are adequate for the initial stand. Under adverse conditions the seeding rate should
be increased, but if the establishment is much better than that indicated for optimum
seed production the rows should be thinned before the first crop.

2. The annual decline in seed yields can be retarded somewhat by thinning the
plants each year after seed harvest. The optimum amount of thinning has not been
determined, but apparently thinning to 48-inch hills is not excessive. The amount of
thinning must be a compromise between that which is desirable and that which
will control the growth of weeds and volunteer alfalfa plants. Thinning is complicated by the lack of adequate machinery to do the job.
For conditions comparable to those in Millard County the stand indicated above
may be inadequate. Apparently, where growth is restricted or pollination is good, a
stand more dense than that indicated should be used.
3. Where naturally occurring moisture or irrigation is adequate and soils are
fertile, intercropping with winter wheat (Brevor) .has promise. The wheat should
be drilled between 4- to 6-foot rows of alfalfa. Both crops should be harvested as
one by direct combining. The wheat matures before the alfalfa, but lodging and
shattering are not excessive.
f
4. Sprinkle irrigation should be avoided during the period of heavy alfalfa
Moom. If sprinklers are used, the soil reservoir should be filled before alfalfa blooms.
( . 5. Soil moisture prior to blooming should be maintained at levels giving a mean
suction not to exceed 2 bars as measured by tensiometers and plaster resistance blocks.
6. If at least 15 inches of available water are present in the root zone at the start
of flowering, no additional water need be added. When the soil is drier, one additional
irrigation will be needed following full bloom when the mean suction has reached about
4 bars. In hotter, drier climates the need for bloom and post-bloom watering will
probably be greater.
7. Nitrogen and phosphorus should not be added to most soils. However, yields
on soils low in phosphorus may be increased by a light application of fertilizer.
8. Plenty of bees should be provided for pollination. Although the present
studies were not designed to study various levels of pollination, the correlations obtained between honey bees and seed yields show the value of such a practice.
9. Specific measures should be taken to control harmful insects, weeds, and
alfalfa diseases although the cultural practices recommended offer a certain amount
of protection from some of these pests.
3
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CULTURAL PRACTICES FOR ALFALFA SEED PRODUCTION
velopment of adequate insect control, and,
in general, most workers agreed that thin
stands were best for seed production
(Aicher 1917, Blinn 1920, Brand and
Westgate 1909, Buzi 1950, Carlson
1932, Carlson and Stewart 1931, Englebert 1932, Idaho Agr. Exp. Sta. 1952,
Kidder et al. 1931, Kreizinger and Law
1945, McClymonds 1926, Stewart 1926,
Tysdal 1946, Westgate et al. 1912,
Whornham 1936, Zimmerman 1952).
Few workers, however, indicated stands
in terms of plants per unit of area and
consequently there were wide variations
in the definition of "thin".

1:IS

report summarizes experimental work on cultural practices for
alfalfa seed production in Utah from
1952 to 1957. In this area pollination
and control of harmful insects are commonly limiting factors in alfalfa seed
production. Pollination appeared to be
at least 50 percent deficient. Although
it was impossible to provide full pollination, it was found that the deficiency
could be alleviated somewhat by providing certain ecological conditions favorable for seed setting. Use of the best
cultural practices improved yields to a
level comparable with those in areas
where pollination is better.

Before insect control was effective,
it was thought that plants in thin stands
yielded more seed because they were less
attractive to harmful insects. Recently
it has been shown that stand density is
an important factor even when insects
are carefully controlled.

An undeveloped potential in alfalfa is
inherent in the genetic variation in seed
yield and it is anticipated that future
yield advances beyond those realized by
insect control, field culture, f and increase
in the available supply of pollinators will
through improvements in varieties.
\ . tetic improvement of honey bees for
pollination is a still more distant goal.

y

General Conditions
of the Experiment

Although not new, most of the cultural methods tested had not been studied
previously in the absence or near absence
of insect damage. Tests were conducted
on several farms under different climatic
conditions, soil moisture, and fertility
levels. However, many conditions found
in seed-growing areas elsewhere in the
country were not represented in these
studies. Consequently, cultural practices
based on these findings might not succeed
in all areas.
Considerable work was done on the
problem of stand density before the de-

Location and Weather
The elevation of the nurseries used in
these studies is between 4500 and 4600
feet. The three nurseries (Newton, Evans
Farm, and Greenville) in Cache Valley are
located approximately 41 45' N. latitude
and 11 C 50' W. longitude. The Delta
nursery is approximately 200 miles south
of the Cache Valley location. The longtime average precipitation at Logan in
Cache Valley is 16.48 inches compared
with 7.87 near Delta. A growing season
of 157 days is the average for Logan and
0
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the frost-free period is between May 7
and October 11. This compares with 118
days for Deseret, the closest station to
the Delta nursery. The frost-free period
here is between May 25 and September
20. During the years of the experiment
the frost-free period for the Cache nurseries was nearer that reported for Delta
than the Logan average. Late frosts in
1954 made it necessary to cut the first
crop for hay and harvest second-crop
seed on both the Evans Farm and the
Newton nurseries. The rainfall from
April to September starting in 1953 was:
7.48, 4.41, 7.56, and 3.37 inches. The
records from the micro-barograph maintained in the laboratory indicate that the
atmospheric pressure in 1956 was relatively high throughout the season.

bee populations in the Cache Valley n(
eries reached 5 per square yard during
peak periods, but at Delta they were
considerably lower.

Harmful Insects
In general, recommended procedures
were followed for the control of harmful insects which consisted largely of
the alfalfa weevil (Hypera postica) , lygus
bugs (Lygus elisus and L. hesperus), pea
aphids (Macrosiphum Pisi), mites (Tetranychus spp.) , a tortricid (Tortrix pallorana), and the alfalfa seed chalcid (Bruchophagus gibbus). Controls were so
effective that insects were not considered
to have affected yields except for the
alfalfa seed chalcid which destroyed 8.6
and 5.8 percent of the seed at Newton
in 1953 and 1954, respectively. Comparable figures for the Evans Farm are
17.6 and 24.5 percent. Corresponding
values were not determined for the other
years, but there is no reason to believe
that they were substantially different.

Pollination
Few wild bees were observed during the
experiments and pollination is largely attributed to the activities of nectar-collecting honey bees. Although pollen traps at
Newton showed about 8 percent alfalfa
pollen, most of this was evidently collected from surrounding fields. White sweetclover (Melilotus alba) and black mustard (Brassica nigra) were the major competitors of the first crop for pollen-collecting honey bees; whereas Russianthistle (Salsola kali var. tenuifolia) and
gumweed (Grindelia squarrosa) competed
most strongly during a second-crop
bloom.

Diseases

('

Yellow leaf blotch (Pseudopeziza
jonesii) causes a defoliation of plants
about the time that seed is starting to
form. Yields of seed in the Cache area
are undoubtedly reduced by this disease.
Downy mildew (Peronospora trifoliorum)
occurs early in the season but is usually
not serious. Leaf spot (Pseudopeziza medicaginis) caused considerable defoliation
in the Greenville nursery in 1956, but
was not troublesome otherwise. Bacterial
stem blight (Pseudomonas medicaginis)
is a factor the severity of which is dependent upon late-spring frosts. It affects
yields to a certain extent each year.

In the Delta area pollen-collecting
honey bees are often present in important
numbers, but few were seen on the nursery during our observations.
Apiaries were located in the nursery
areas at or near each location. Honey
6
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manent wilting in the first 6 feet. Alfalfa roots are able to remove water
readily from the surface 6 feet.

'Is

Newtan. The Newton experiment
was conducted on soil classified as Mendon fine sandy loam, which had a water
table varying during the growing season
from 3 to 5 feet deep, the depth depending on the location of the plots with
respect to the irrigation ditch as well
as on the topography.

Irrigation
After establishment the Newton nursery was not irrigated. One half of the
Evans Farm nursery was irrigated in
furrows in 1954 and the other half in
1955. No water was applied to this
nursery in 1953 and 1956. The border
method of irrigation was used at Delta.
At Greenville two methods of irrigation
(sprinkle and furrow) with four soil
moisture conditions superimposed on each
method were studied. The four soil moisture conditions were achieved by irrigating
whenever the mean tension in the root
zone approached 0.8 (W 4 ) , 2.0 (W s ),
4.0 (W 2 ) , and 12.0 (WI) bars suction as
measured by tensiometers and plaster resistance blocks. In 1955 water was applied to plots with the three wetter
treatments during full bloom as the predetermined moisture levels were reached
at this time. In 1956 the moisture levels
were modified so that plots with the
intermediate levels were not watered during peak bloom. The soils in dry plots
did not dry out to 12.0 atmospheres of
tension until rather late in the season;
no water was applied to these plots.

Evans Farm. The Evans experimental
farm is located on soil classified as Salt
Lake silt loam. The surface soil is underlain by a clay loam at a depth of 12
to 18 inches. Below 2 feet the soil
abruptly changes to a light gray calcareous clay, plastic when wet and granular when dry. This layer goes down more
than 3 ~ feet and is characterized by a
distinct reddish and rust-brown mottling
which indicates imperfect drainage. No
indications of a water table have been
observed and frequently the soil is dry
between the 4- and 5-foot depth. The soil
will retain 7~ inches of available water
in the first 3 feet.
Delta. The Delta nursery is on Oasis
( , '. The land is drained by open ditches
adjacent to the area. \Vhile the experimental area is at the western perimeter
of the Delta tract, the soil type is characteristic of most of the area.
Greenville Farm. The Greenville experimental farm is located on Millville
loam, a deep, well-drained, fertile calcareous soil. The surface soil is underlain at a depth of 12 to 18 inches by a
fine sandy loam extending to a depth of
approximately 90 feet. The soil is well
drained and there is no indication of a
water table within the 90 feet. The soil
will retain approximatdy 15~ inches
of water between field capacity and per-

Fertilization
Two hundred pounds of treble superphosphate per acre was applied broadcast
to the Evans Farm nursery before planting and to the Newton site in December
1954. The wheat and barley intercrop
treatments at Newton were split and 40
pounds of nitrogen per acre was applied
in furrows in the fall before the 19') 5
crop.
7

was used as the test variety
nurseries.

In 1956 at Newton, 80 pounds of nitrogen per acre was applied in a split fallspring application to the wheat intercrop
and the barley intercrop was omitted.
Fertilizer was not applied directly to
the alfalfa seed crop in the Greenville
nursery; but because of the experimental
design, the residual effects of applications
to preceding crops in the rotation could
be observed. These included 32 combinations of nitrogen and phosphorus applications to peas, potatoes, and sugar beets
with phosphorus applied at the rate of
44 pounds per acre and nitrogen at 80
pounds.

In

Alfalfa seed was planted May 1 and
2, 1952, with Planet Jr. drills. The light
seeding rate was about 10 seeds per foot,
equivalent to 3, 1, and ~ pounds per
acre in 8-, 24-, and 48-inch rows, respectively. The heavy rate was about
40 seeds per foot, or 12, 4, and 2 pounds
in the various row spacings. Rows were
spaced at 8, 24, and 48 inches. The
wheat intercrop (Brevor) was planted
between the rows at the rate of about
60 pounds of seed per acre during the
first half of October each year, and
Bonneville barley was planted at the
same rate in early April.
Delta. A stand density test using Buffalo alfalfa was established and maintained in Millard County. Alfalfa was
seeded on April 8 and 9, 1954, in 1/5acre plots. A Latin-square design was
used. There were four treatments with
36-inch rows planted at the rate of 1/3,
2/3, 1-2/3, and 2-2/3 pounds of seed
per acre. The other treatment had 9inch rows planted with 2-2/3 poundr ,.
seed per acre. Insect control and
tural practices were in accordance with
standard procedures. The stand was none
too satisfactory over the entire area
and some of the plots were poor.

Nursery Layout
Newton and Evans Farm. At the Evans
Farm the treatments were arranged in
four randomized blocks, while at Newton they were in a 4 x 4 balanced lattice
with five replications. Plot size was
approximately 1/20 acre at Newton and
1/30 acre at the Evans Farm. Since the
area at Newton slopes and has a moisture
gradient, the replications were laid out
at right angles to the direction of
slope. Eight of the twelve duplicated
planting treatments were in a factorial
design involving two row spacings, two
rates of seeding, and one with and one
without crested wheatgrass. In addition
to the eight treatments in the factorial
section there were two sets of plots with
8-inch rows (two seeding rates) and two
others with 48-inch hills (with and without crested wheatgrass) at both nurseries. At Newton there were also two
sets of plots where alfalfa was planted
in 8-inch rows (heavy rate) for thinning
and two sets where it was planted in 48inch rows (light rate) for intercropping
with wheat and barley. Ranger alfalfa

Greenville Farm. An extensive factorial experiment involving irrigation regime,
fertilization, and soil management was
initiated in 1949 on the Greenville farm
at North Logan. The crop rotation included canning peas (seeded to alfalfa
following pea harvest), alfalfa, potatoes,
and sugar beets. Plots were ~ acre in
size for crops; 1/24 for methods of irrigation, 1/24 for soil moisture levels,
and 1/193 for fertilizer treatments.
8
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teed yields from the 1955 first-year
hanger alfalfa were obtained from 22inch rows seeded at the rate of 4 pounds
per acre in the late summer of 1954.
Some reseeding was necessary in early
fall. The plots were clipped June 17 to
make growth more uniform from plot to
plot. Seed yields were obtained from the
growth after this date.
Second-year alfalfa seed was obtained
in 1956 from the plots used in 1955. The
full season's growth was used. The firstyear seed yield in 1956 was obtained from
a solid stand of alfalfa planted in the
late summer of 1955 at the rate of 10
pounds of seed per acre. Certified Ranger was used in this experiment.

Thinning
During the last half of October 1953,
alfalfa in one set of plots at Newton
was thinned from 8-inch to 24-inch
rows and another from 8-inch to 12inch hills in 24-inch rows. The latter
treatment was applied tot another set
of plots in October 1954. In October
'; 5 one-half of these plots were thinned
(
_~ain. To do the thinning, we welded
together the free ends of two cultivating sweeps on a regular tractor-cultivator.
I t was necessary to go over the plots
by hand in the spring of 1956 since the
plants were so large in the fall of 1955
that tractor equipment failed to remove
some of them.

Harvesting
Alfalfa on the Evans Farm nursery
was mowed and windrowed in September
1952, 1953, and 1954, and on the Newton nursery in 1953. In 1954 alfalfa on
one-half of each plot at Newton was
windrowed and the other half defoliated.

Since there was no significant difference
between the methods or in any interactions, subsequently alfalfa in both nurseries was defoliated in September by
using approximately 1 quart of 55 percent Dinitro-o-secondary Butylphenol, 10
gallons of diesel oil, and 28 gallons of
water per acre. An all-crop harvester
was used for combining except in 1952
when a small plot thresher was used at
the Evans Farm. Harvesting was completed during the last 2 weeks in September except in 1954 when harvesting
of second crop was not finished until
October 7.
Alfalfa in the Delta nursery was sampled in August by cutting three 25-foot
row samples from each plot. The samples
were placed in burlap sacks and taken
to Logan for processing.
At Greenyille alfalfa was windrowed
and thr~hed with a small-plot thresher.

Statistics
Standard procedures were used on all
calculations. The Newton nursery was
analyzed as a randomized block although
some gain in precision could have been
obtained from the lattice design. IBM
machines were employed when there was
a large bulk of &irnilar data to be analyzed. As a general rule, only values
significant at the 5 percent level or better
are discussed. One asterisk is used to indicate a 5 percent probability and two
for 1 percent.

Measurements
See appendix F for details on the methods used for any given measurement.
1. Appendix material may be obtained on microfilms from the library,
Utah State University.

Table 1. Alfalfa seed yields in pounds per acre for a 4-year period from a wet (Newton) and a dry (Evans Farm)
location
Treatment
Row
space

......
o

1953

Seeding Seeds
Evans
Evans
Evans
Evans
Evans
rate per foot Grass Farm Newton Farm Newton Farm Newton Farm Newton Farm Newton Avg.

in.
8
8

lbs.
3
12

10
40

-

461
387

452
294

90
72

24
24
24
24

1
1
4
4

10
10
40
40

-

675
487
491
361

652
603
465
422

129
124
117
101

169
142
116
85

403
316
375
300

48
48
48
48

.5
.5
2
2

10
10
40
40

-

575
431
521
417

551
552
348
375

102
99
109
88

112
126
67
69

..

-

559
317

623
518

118
101

474
88

488

104
23

Hills:!:
Hills:!:

Average

1956

1955

1954

..
..

Avg.
LSD .05
- =no grass; +=grass.
:j: 48 inches

+

-

+

-

+

+

+

75

,.-....
~

pounds per acre
251
93
287
183
61
247

358
286

198
160

299
248

248
174

274
211

338
298
278
216

453
305
356
292

262
174
190
142

415
308
335
264

355
304
262
216

385
306
298
240

338
305
403
284

267
227
198
144

407
252
376
260

232
174
191
138

356
272
352
262

290
270
201
182

323
271
276
222

167
132

434
211

346
254

367
245

336
185

370
218

368
272

369
245

112
49

325

250
27

330
70

198
48

308

262

285

96

~

(

RESULTS
Hay and Hill Stands Compared
with Row Stands
FOR the 4 years that both the
Evans Farm and Newton alfalfa nurseries
were harvested, seed yields from the 24inch rows planted at 1 pound of seed per
acre and the 48-inch hills were about
equal (table 1). The average yield was
385 pounds of seed per acre from the 24inch rows compared with 369 from the
hills. Yields from the 8-inch rows were
inferior whether planted at a low or high
rate within the row and were exceeded by
the 24-inch rows by 40 and 82 percent,
respectively.
Over the 3-year period 1955 to 1957
at Delta, 9-inch rows were better than
36 (table 2). While the differences in
yields between row spacings were not
significant in 1956, an average yield of
416 pounds of seed per f acre was obtained over the 3-year period from the

(

9-inch rows compared with 237 from
the 36-inch. There was a tendency for
higher yields to be obtained from the
lower seeding rates in the 36-inch rows,
but the differences were not significant.
The year-to-year production from the 9inch rows was erratic in comparison
with that of the 36-inch rows which
produced 182, 240, and 290 pounds of
seed per acre, respectively, from 1955 to
1957.

Stand Density in Relation to
Seed Yield
Newton 1956
If row spacing and seeding rate are
ignored and the stand is considered on
the basis of the total number of plants
per acre, all types of stands from all
three nurseries can be analyzed together
( figure 1). When this is done, yield is
related to stand in a curvilinear manner
under the favorable growing conditions
at Newton. Mathematically this can be

able 2. Alfalfa seed yield and related data for the Delta nursery
Treatment
Row Space Seeding rate
inches

pounds/acre

1956
stand

Seed
1955

1000
plants

1956

1957

pounds

per acre

Avg.

Honeybee s
per sq. yd.
(1956)
number

9

2.67

81.9

525

266

457

416

0.49

36

2.67

52.9

167

195

284

215

0.49

36

1.67

54.3

160

210

249

206

0.59

36

.67

29.9

194

274

324

264

0.48

36

.33

9.6

208

282

302

264

0.52

Average

45.7

250

245

323

273

0.51

LSD .05

28.3

128

n.s.

114
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Farm. This had the effect of minimizir(
the importance of low stands at the Evans
Farm in contrast to the situation at Newton (see appendix XVI) .

e

..

~ 400

c..

9
lJJ

Delta

>=
o

lJJ
lJJ

en

~
~
«

100

0

200

PLANTS

Figure 1.

400

600

800

1000

PER ACRE (Thousands)

Predicted relation of stand and yield of
of alfalfa seed at three locations

expressed as a correlation coefficient
where r= -.9192"*; y = yield of seed
in pounds per acre; x = common log
of stand. Reducing the stand from 1
million to 398,000 plants per acre would
increase the seed yield 37 pounds per
acre or the same amount as would result
from reducing the stand from 25,000 to
10,000. The predicted yield from a stand
of a million plants would be 145 pounds
per acre compared with 328 pounds from
a stand of 10,000 plants. (Values obtained from 1956 data a t Newton on
stand and yield refer to 8-inch, 24-inch,
48-inch rows and hills without grass.
(See appendix XVII.)

Evans Farm 1956
While yield of seed was related to stand
at the Evans Farm as well as at Newton,
the association was somewhat different.
The relation was curvilinear at both locations but diverged only slightly from a
straight line at the Evans Farm. Log
stand x seed expressed the shape of the
curve rather well at Newton, whereas
stand x log seed was used at the Evans
12

The stands in general were proportional to the seeding rates except that the
stand at the 2.67 -pound-per-acre rate in
36-inch rows was lower than expected on
the basis of the other treatments. Stands
were all lower than expected on the basis
of the seeding rate. While 30.4 thousand
plants were obtained per pound of seed at
Delta from the thickest stand, 90.0 thousand were obtained at Newton from a
similar planting. Establishment was about
13 percent at Delta compared with 40
at Newton.
The rela tion of stand to yield is plotted
on figure 1, but the data are insufficient
to give a clear-cut picture of the prevailing situation. The performance expected from certain stands in Cache Valley is indicated below:
Predicted seed yields (."
Stand
Newton
Evans Far
thousand plants
per acre
pounds per-acre
1000
145
251
498
182
340
25
291
410
10
328
413
It can be seen from the predicted values
that reducing the stand from 25,000 to
10,000 plants per acre should increase the
seed yield 37 pounds per acre at Newton
but only 3 at the Evans Farm. At high
stand densities the effect is quite different. Reducing the stand from a million to 498,000 plants should increase
the seed yield 37 pounds per acre at Newton but 89 pounds at the Evans Farm.

(

-ge

43~

~

~ 400 f..d

:1
W

300 '-

274

>-

o

~

211

200-
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ROW SPACING
SEEDING RATE(lb. per acre)
TREATMENT
Figure 2.
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a"

a"

4a"

12.0

3.0

0.5

NONE

WHEAT
INTERCROP

NONE

4a"

24"
1.0

4a"
HILLS

NONE

THINNED

Four-year average seed yields per acre for selected treatments at Newton and Evans Farm
alfalfa seed nurseries,t1953-1956 (wheat intercrop and thinned treatment at Newton only)

Seeding Rate
Where interactions are not important,
all eight treatments involving seeding
rate, row spacing, and crested wheatgrass intercropping can be averaged to
obtain a dependable value for anyone
treatment (figure 2). Only one such
interaction was obtained for seed yields.
This occurred at the Evans Farm in 1953.
The low seeding rate was better in 24inch rows than in 48-inch rows, but
the high seeding rate was better in 48inch rows. Although highly significant,
the difference was not great and in the
absence of significance for the other
years and locations, for practical purposes,
it can be ignored. It should perhaps be

13

pointed out that such interactions were
anticipated in the original design of the
experiment. Other significant interactions
on related factors can be found in appendices II to VIII. The practical application to be derived from the absence of
the interactions is that the rate of seeding
within the row should not be increased to
compensate for a greater row space.
On the average, 321 pounds of seed
was produced from the low seeding rate
compared with 259 from the high rate.
The 26.4 average percent increase derived
from the low rate should be a reliable
value (table 3). It should be noted that
most of the increase comes from the
Newton nursery, where the advantage

of the low seeding rate is 43.0 percent
compared with 10.0 at the Evans Farm.
This points out the importance of the
seeding rate (within the row) where
the growth is rank (table 3).
In general, the advantage of the low
seeding rate decreased over the 5-year
period. Inasmuch as the stands remained
proportional to the seeding rates, it
would seem that the plants in the thin
stands gradually increased in size until
they were too crowded for good seed
production. At the Evans Farm where

conditions were drier, the advantage ,
the low seeding rate was less and decreased more rapidly. From this it can
be deduced that seed production factors
are more delicately balanced where more
vigorous growth is obtained and satisfactory yields can be obtained only if
careful management is practiced. Obviously, the stand should be thinned to
correct the crowded condition that develops as the plants increase in size.
Other studies made in 1953 III conjunction with the test help to explain

Table 3. Effects of intercropping, row spacing, and seeding rate on alfalfa
seed production
Items compared
and year

Newton

Evans
Farm

percent

percent

3

33**
11
26**
44**
28.5

Average

percent

Advantage of no grass over
grass between rows:

(5)t

1952
1953
1954
1955
1956
Average

10

22**
39**
18.5

(5)
18.0
10.5
24.0
41.5
23.5(

Advantage of low over high
seeding rate:
1952
1953
1954
1955
1956
Average

46**
63**
35**
27**
42.8

(43)*
21**
9

o

10

10.0

(43)
33.5
36.0
17.5
18.5
26.4

Advantage of 24 over 48 inches
between rows:
1952
1953
1954
1955
1956
Average

(5)

(5)

17**
36**
35**

4
18**
5

10.5

27~
20~

23.0

9.0

16.0

....... .~4;;-;;- _ _ _ _-;9~ _ _ _ _----c:76.~5_

t Values in parenthesis not included in averages
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importance of the seeding rate. Chaff
yields were slightly higher from the high
seeding rate at Newton but not appreciably different at the Evans Farm. At

flowering was slowed down from a rating of 6.96 to one of 8.36 (see appendix
II to VIII).

Newton it took 95 flowers to produce
one seed when the seeding rate was high
compared with 68 when the rate was
low. The average for both nurseries indicated that 2.88 pods per raceme were
obtained when the rate was low compared with 2.36 when the rate was high.
The number of seeds per pod was not
affected by the seeding rate at either
nursery. The number of producing stems
per acre was not affected by the seeding rate at the Evans Farm, but at Newton there were slightly more on the high
rate of seeding. Ninety-eight racemes
were produced per stem (average for both
nurseries) when the seeding rate was
low compared with 84 when it was high.
There were 17.8 bracts per raceme (indicating number of flowers) when the
rate was low compared with 16.2 when
it was high, but the num~r of flowers
per acre was slightly but not significantly
(
-her when the rate was low.

Row Spacing

(

The 24-inch row plots produced 307
pounds of seed per acre on the average
compared with 273 pounds from the
plots with 48-inch rows. This represents
an average advantage of only 16.0 percent (table 3). At Newton it was 23.0
percent and at the Evans Farm 9.0.
Plants in 48-inch rows were apparently
too far apart to take advantage of the
area allotted. The advantage of 24-inch
rows increased for the first 3 years of
the experiment and then gradually decreased. Presumably the plants in 48-inch
rows were growing large enough to overcome the space disadvantage. This feature
is somewhat of an anomaly since the
plants in 48-inch hills were at no disadvantage. It may be that the optimum
stand for the first year should be in even
closer rows than 24-inches (see Delta
experiment) .
The corollary studies which follow
are not particularly helpful in explaining these differences. Chaff yields were
3.62 tons on the plots with 24-inch rows
and 2.68 tons per acre on those with
48-inch rows. The flowers per seed, pods
per raceme, and seeds per pod were not
consistently different. The alfalfa in the
24-inch row plots had more stems and
flowers per acre than that in the 48inch rows, but fewer racemes per stem and
no appreciable difference in the number of
bracts per raceme. Bees per square yard,
lodging, time of bloom, relative humidity,
soil moisture, and nectar-sugar concentration were not appreciably affected by

Two years' data from both nurseries
indicate a honey bee visitation of 2.66 bees
per square yard on the low-seeded plots
and 2.31 on the high-seeded. Comparisons of flowers per bee, nectar-sugar concentration, relative humidity, soil temperature, and soil moisture were not appreciably different. However, light penetration averaged 17.55 (Weston meter)
when the rate was low compared with
11.98 when it was high. An average
for 3 years at Newton and 2 at the
Evans Farm indicated that lodging increased from 37 to 48 percent when the
seeding rate was high and that time of
15

not affected appreciably by the int(
crop.
A single row from each plot containing crested wheatgrass was cut by hand
before the seed shattered in 1956. Analysis of the data obtained from the
cleaned seed showed that there was no
difference among the five treatments
containing crested wheatgrass at Newton. Differences at the Evans Farm were
significant (.05) and favored the plots
with 24-inch rows followed by 48-inch
rows and hills. The yields were 608
pounds from 24-inch rows, 429 from
48-inch rows, and 355 from 48-inch hills
of cleaned crested wheatgrass seed per
acre. On the average the yield of crested
wheatgrass seed (before shattering) was
486 pounds per acre at the Evans Farm
and 359 at Newton. Only 83 pounds
per acre were recovered at the Evans
Farm and 142 at Newton when the alfalfa seed was harvested. Obviously most
of the grass seed shatters when allowed to
stand until the alfalfa seed is mature and
the situation is worse at the drier location (Evans Farm). (See appendix 2V~
for grass seed yields.)
"

the row spacing, but light penetration
and soil temperature were higher in the
plots with 48-inch rows than those with
24-inch rows.

Intercropping

Crested Wheatgrass
Seed yield of alfalfa in plots where
grass was planted between the rows of
alfalfa was 260 pounds per acre compared with 321 on plots without grass, or
a reduction of 23.5 percent. The reduction at the Evans Farm was 28.5 percent but only 18.5 at Newton. Competition from the grass gradually increased
during the course of the experiment.
Associated with the grass was a reduction in the flowers per seed, total flowers
per acre, bees per square yard, lodging,
and soil moisture (Evans Farm only). As
a result of the reduced lodging there was
greater light penetration where grass was
used. Chaff yields, pods per raceme, seeds
per pod, stems per acre, racemes per stem,
bracts per raceme, time of bloom, relative humidity, and soil temperature were

Table 4. Yields (in pounds per acre) of alfalfa seed, wheat, barley, and crested
wheatgrass seed when the grasses were grown between 48-inch alfalfa
rows at the light rate of seeding, Newton
1953
Intercrop

1954*

Alfalfa I Intercrop

1955

Alfalfa Alfalfa I

Average

Intercrop

Alfa Ifa I Intercrop

pounds per acre
None (check) ...
Wheat ..........
Barley ..........
Crested wheatgrass

551
588
602
553

... .

112

960
1056
62

175
174
126

267
391
376
227

. ...

1020
384
154

'" No intercrop since the first crop was cut for hay because of frost.

16

310
385
384
302

. ...

990
720
108

(

'heat and Barley
At Newton wheat and barley were
intercropped with alfalfa in 48-inch
rows at the light rate of seeding. Consequently, the yields from these plots
can be compared with those from the
other plots having the same row spacing
and seeding rate, including plots with
crested wheatgrass and those with no
in tercrop (table 4).

In this comparison the yield of alfalfa seed when alfalfa was grown in
combination with wheat and barley was
about 75 pounds per acre more in 1953,
1954, and 1955 than where it was not.
In addition, average yields of wheat were
16.5 bushels and barley 15 bushels per
acre, although the barley was badly
lodged. The yield of alfalfa seed was
about the same where crested wheatgrass was grown between the rows as
where it was not, and there were on the
average 108 pounds of crested wheatgrass seed recovered per acre. Yields from
the grass increased from yea; to year while
those from the alfalfa generally decreased.
( I e returns from the wheat-alfalfa combination were obviously the best and this
treatment should be given further consideration. Wheat was also grown as an
intercrop in 1956, and while the data
are similar to those in the other years
they are omitted from the comparisons
as barley was not included the last year.

Correlated Factors -

1953

Correlations were calculated on the
basis of plot values of which there were
80 at Newton and 48 at the Evans Farm
(table 5). Soil moisture data were not
taken at the Evans Farm in 1953. Consequently, correlations could not be made.
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Only values significant at the 5 percent
level are discussed. Note that soil moisture data are expressed in atmospheres of
tension: the higher the reading the drier
the soil. Thus, a positive value indicates
association with an increasing dryness of
the soil. Time of flowering was recorded
on a scale of 1 to 9 with 1 being the
earliest. Thus a positive value indicates an
association with increasing lateness of
flowering.
At Newton seed yield was positively
associated wi.th soil dryness, soil temperature, light, pods per raceme, bees, and
racemes per stem, and negatively with
lodging, lateness of flowering, flowers per
bee, and stems per acre. At the Evans Farm
seed yield was positively associated with
relative humidity, lodging, bees, racemes
per stem, flowers per acre, and negatively
with soil temperatures and light (table
5).
Multiple correlations were obtained
from the sums of squares and products
in the simple correlations using IBM
machines. Eleven separate multiple correlations were calculated for each location.
Soil moisture, soil temperature, light, and
relative humidity were used as the x 1,
x 2, x 3, and x 4 values, respectively.
There are, of course, no x (soil moisture) values for the Evans Farm. Eight
Y values were included as follows: Nectar
sugar concentration (Yl), percent lodging (Y2), lateness of flowering (Y3),
pods per raceme (Y 4), seed yield (Y5),
bees (Y6), flowers per bee (Y7), and
flowers per acre (Y8). In the ninth problem bees were used as the Y variable with
soil moisture, sugar concentration, lodging, lateness of flowering, racemes per
stem, and flowers per acre as x variables.

Table 5. Table of simple correlations between factors involved in alfalfa seed yields, 1953
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E
+.835 1
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I"
,
humidity
E ------:;-;0-::-:' -.616 -.441 Sugar
IN
- . 181 1+.136 +.083 -.431 concen'tion E
+.321 +.138 -.252 ~ _ _ _ L~
f-----I
1
Percent
IN 1-.3021-.819 -.726 +.436 -.262 I
I
lodging
E
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-.164 -.173 +.432 -.002 +.670
I
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Pods
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1
1
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1
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1
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E
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lacre
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P.01 = .372
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behaving the same way at both locations.

(
. yield was used as a Y variable in
the tenth problem with soil moisture,
lodging, lateness of flowering, bees, and
flowers per acre as the x variables. In the
final problem, flowers per acre was used
as the Y variable with soil moisture,
lodging, lateness of flowering, seed yield,
and bees as the x variables.

The Newton data indicate that within
limits an increase of 61 pounds of seed
per acre would be obtained for each increase of 1 atmosphere in soil-moisture
tension if soil temperature, light, and relative humidity were constant. Likewise,
an increase of 13 pounds of seed per
acre would be obtained for each degree
of increase in soil temperature.

Twenty-two percent of the variation
in seed yield was accounted for with 3 x
variables at the Evans Farm, whereas
42 percent was accounted for with the 4
x variables at Newton (table 6). Soil
moisture, soil temperature, and light all
appear to be important in the simple correlations at Newton; but light loses its
significance in the partial regression. This
leaves soil moisture and soil temperature
as apparently important influences at the
Newton location. At the Evans Farm all
three x variables were significant in the
simple correlations, but only relative
humidity retained its significance in the
partial regression. It is not possible to
compare the two locations 'directly because soil moisture was not measured at
(
Evans Farm. However, the data do
suggest that the factors measured are not

Seed yield was studied in association
with soil moisture, lodging, lateness of
flowering, bees, and flowers per acre
(table 7). Seventy-six percent of the
variation was accounted for at Newton
and 43 percent at the Evans Farm. Soil
moisture, lodging, lateness of flowering,
and bees appear to be important at Newton in the simple correlations. In the
partial regressions, soil moisture retained
significance but was reduced from +96
to +42 pounds per acre. Lodging lost
significance in the partial regression. Lateness of flowering and bee populations
retained significance, but the regressions
were likewise reduced. Flowers per acre,
on the other hand, increased to a significant level in the partial regression from

Table 6. Correlations and regressions involving four factors affecting alfalfa seed
yields, 1953
Seed yield (y5)
X value

Newton .418** = R2

I Evans Farm .223** =

Regressions
Partial

SimPle\
Regressions
2
Simple
r
Partial I Simple

-

R2

Simple
r2

-

Soil moisture (Xl)

+60.76*

Soil temperature (X")

+13.208** +13.41** .331**

+2.618

-5.999*

.111*

Light (X3)

-00.972

+3.69** .230**

-1.566

-1.927*

.108*

Relative humidity (X,)

-00.115

-4.95

+95.86** .242**

R2 = Multiple correlation coefficient
19

.018

-

+16.58* +17.715** .196**

Table 7. Correlations and regressions involving six factors affecting alfalfa (
yields, 1953
Seed yield (ylO)
Newton .765** = R2

X value

Partial

Simple

Simple
r2

+42.5

+95.86**

.242**

Regressions
Soil moisture (Xl)
Lodging (X2)

Evans Farm .433** Regressions
Partial

-

R2

Simple

Simple
r2

-

-

-0.571

-3.051**

.378**

+1.638

+1.862*

.129*

Lateness of
flowering (X3)

-38.34**

-58.982**

.682**

-7.655

+6.876

.015

Bees (X.)

+53.25**

-164.5**

.428**

+113.7**

+0.896*

+0.138

Flowers per
acre (X5)

.000

+.998

+127.20**

.310**

+1.645

.096*

R2 = Multiple correlation coeffIcIent
+.14 to +.90 pounds per acre. It is interesting to note that in the partial
regression flowers per acre is significant
in the problem including bees as well as
seed. At the Evans Farm, lodging, bees,
and flowers per acre were significan t in
the simple correlations; but only bee
populations retained significance as a
partial regression. It would appear that
here again the locations are not behaving
similarly although it must be borne in
mind that the problems are not the same
since soil-moisture measurement is not
included at the Evans Farm (tables 6
and 7).
A correlation study made in 1956 can
be found in the section on thinning. Further discussion of soil moisture can be
found on pages 25 and 26.

Effect of Thinning
on Alfalfa Seed Production

thinned stand (table 8). The effect
persisted into the second year. In 1955
the 12-inch hills in 24-inch rows produced about twice as much seed as the
check stand. Yields in 1956, however,
indicated that thinning every year would
give more seed than thinning every other
year. The best-yielding treatment in
1956 was thinned both in the fall of
1954 and 1955 with a resulting staneY" 24-inch hills in 24-inch rows. PlaLpopulation counts indicated that thinning
could be continued for several years before becoming excessive. Stands thinned
the most still had at least 60,000 plants
per acre compared with 14,000 in 48-inch
hills. As the 48-inch hills were about
equal to the best row planting it appears
likely that thinning could be extended to
reduce the stand eventually to this level.
Thinning appears to bring about a
series of physiological changes favoring
sced production (table 9 and appendix
IX). The thinned plants are several
inches shorter than the unthinned and
therefore lodge less and are less susceptible

In 1954 thinning from 8-inch rows to
12-inch hills in 24-inch rows in the fall
resulted in a yield of 3 04 pounds of seed
per acre as compared with 61 on the un20

r

through a change in the environment.
The precise cause of the reduced growth
and early flowering is not definitely
established. It is unlikely that root injury is responsible since only the top 4
inches of lateral roots on the plants adjacent to the cutting tool are damaged.
In some ways the response resembles that
of nutrient restriction. It seems possible
that the decay of roots from plants killed
by the thinning could tie up some of the
soil elements needed for vigorous vegetative growth. Such a process, if it occurs,
would take place through the entire zone
of root growth.

'rost injury. Flowering is speeded up
~ about 10 days.

Opening up the stand and developing
shorter, less lodged growth reduced the
relative humidity around the plant and
increased light penetration, and thus increased the soil temperature. Increase in
both nectar secretion and concentration
attracted more bees which resulted in
better pollination. Relatively sparse, upright growth also allows honey bees to fly
to flowers at all levels of the plants.
On dense, lodged growth they tend to
concentrate on the uppermost flowers
(table 9). Pod set following pollination
also favors seed production. (appendix

Another possible explanation might

IX.)

be the proportion of top growth to root

\'Vithout question opening up the stand
by thinning favors seed production

growth and the effect of that relation to
vegetative rather than reproductive de-

Table 8. Effect on seed yields of thinning established alfalfa stands, Newton, 19541956
No.

Treatment

1954*

I

1955

1956

p6unds per ad-e
1953

({
~

.

8-inch rows thinned to 24-inch
8-inch rows thinned to 12-inch
hills in 24-inch rows

164

267

156

304

422

252

427

269

...

. ..
...
. ..

61

183

367
316
326
160

49

27

48

1954
3

8-inch rows thinned to 12-inch
hills in 24-inch rows
1955

4
5
6
7

No.3 thinned to 24-inch hills
No.2 thinned to 24-inch hills
No. 1 thinned to 12-inch hills
Check 8-inch rows not thinned

...

LSD .05
* Second crop
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Table 9. Simple correlation coefficients (r) for thinned plots and checks for nine values including alfalfa seed production, Newton, 1956

Type of data
(degrees of freedom-26)
Seed

........................

Bees . .

t-:>
t-:>

Seed

..

. . .. ... . . . . . . . .

... .

Bees

-

Relative
humidity Light

+.763**

-

-.418*

-.674** -.418*

Light

+.598** +.502** -.728**

-

+.502** +.561** -.739** +.644** +.443*

-

+.802** -.634** +.818** +.358ns +.338ns
-

-.704** -.739** +.594** -.634** -.644**

..........

-.644** +.862** +.576** +.611**

-

-.721** -.454*
+.448*

+.556**

+.448*

-

+.409*

+.794** +.644** -.780** +.818** +.862** -.721**

Nectar volume ..............

+.558**- +.443*

-.547** +.358ns +.576** -.454*

Nectar concentration ..

+.560**1 +.403*

-.525**1 +.338ns +.611**I-.296ns +.556** +.409*

P
P

.05 = .374
.01 = .478

~

-.296ns

-

Percent bloom .......

.......

+.403*

-.728** -.791** +.594** -.780** -.547** -.525**

Soil temperature ............. +.481** +.561** -.791** +.802**
Height

Nectar
Percent
Volume
ConcenHeight bloom
tration

+.763** -.674** +.598** +.681** -.704** +.794** +.558** +.560**

Relative humidity
......

Soil
temp.

-

""""'

(

1opment. In carrots or sugar beets these
.elations are relatively apparent because
they are separated in the life cycle of the
plants. In seedlings and young plants, top
growth greatly exceeds root growth and

remains in the ascendency until the roots
are given room to develop. If thinning
takes place after the plants are well
established, root development proceeds
rapidly at the expense of top growth.
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Time of flowering on one- and two-year old stands as indicated by percentage bloom on
June 15, 1956, on the Greenville Farm

Then, following a period of dormancy,
there is a short burst of top growth dedicated solely to the development of reproductive stalks. In plants such as
alfalfa these processes take place more
or less simultaneously, but when the balance is upset by severe crowding on the
one hand or sudden spacing on the other,
the factors apparently become separated
and responses somewhat similar to those
of carrots and sugar beets occur. The
sequence of events may be as follows:
23

After alfalfa is thinned, the root systems
of the remaining plants take advantage
of an abundance of new territory. On
the other hand, new shoots are slow to
develop because of the small crowns imposed upon the plants by their former
crowded conditions. Under these conditions root growth proceeds at the expense of top growth, eventually producing an imbahnce in favor of root storage, which in turn stimulates reproductive rather than vegetative development.

Table 10. Alfalfa seed yields and associated data comparing two methods and four levels of irrigation, Greenville
Farm, 1955-1956
, Water applied I
1956
Treatment

1st
year

I year
2nd

Seed yields
1st
year
1955*

I year
2nd I 1st
year

l':l

"'"

LSD at .05

Soil moisturet
W,-Dry .....
W2-M-Dry
W3-M-wet
W.-Moist ..

LSD at .05

11.62
12.05

11.53
12.52

0
9.01
16.93
21.42

0
10.90
17.68
19.51

I

153
205

29

I

I

1956
1956
Avg.
poundsperacre

inches
Method
Sprinkle.
Furrow

First year alfalfa

I

182
231
199
106

~\

320
353

227
296

NS

50

357
341
373
274

121
361
286
279

233
285

220
311
286
220

70

NS
- -

Chaff
Hay
tons per acre

-

-

Sol-P
whole
plant
ppm

Nectar - 1956
Concen tra tion Volume
1st
2nd
2nd
year
year
year
percent
ull

I

3.09
3.45

2.28
2.08

1461
1565

41.5
39.8

45.0
45.2

.186
.159

0.18

0.14

72

NS

NS

NS

1.97
3.30
3.92
3.89

2.24
2.16
2.29
2.03

1563
1472
1589
1429

44.6
39.8
38.1
40.1

48.6
43.4
46.0
42.3

.141
.178
.200
.200

0.26

0.20

103

3.1

1.9

.035

---

* All data but this column were taken in 1956
t Irrigation water applied when soil moisture suction approached 0.8 (W,); 2.0 (Ws); 4.0 (W2); and 12.0 (Wi) bars
in the root zone
~
I

~

( 'rrigation and Soil Moisture
Methods of irrigation
On the average, about 52 pounds more
seed per acre was produced under furrow
than under sprinkler irrigation, The ad-

vantage ranged from 23 to 69 pounds
per acre (table 10). Related data on
forage yields, soluble phosphorus, and
nectar are of little value in explaining
the differenc,os.
Sprinkling appears to delay flowering
early in the season (figure 3) and there is
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Figure 4.

(

Approximate relation b,etween soil moisture and alfalfa seed yield

an obvious interference with activities of
Uinating insects when the plants are
sprinkled in bloom. The high humidity
may also be involved in flower abscission
and perhaps other unknown factors involved in seed setting. Although any relation to the treatments was not obvious,
a high incidence of leaf spot (Pseudopeziza· medicaginis) was thought to have
been caused by sprinkling.

Soil Moisture Condition
The soil moisture condition was maintained within limits by irrigation during
the growing season at the Greenville
nursery. Seed yield is related to the average of the four ranges of soil moisture
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conditions in table 10. It is apparent that
in general, the best seed yields were obtained on the moderately dry plots where
the mean wi! moisture suction in the
root zone approached 4.0 bars before
water was applied. The moderately wet
plots gave only a slightly lower yield.
The best yield should, therefore, be somewhere between these two treatments.
While table 10 shows the influence of
a range of mean suctions on yield, it is
more enlightening if the individual plot
relations can be observed. To do this, the
data for the Greenville Nursery were
combined with those from Newton and
Evans and related to mean soil moisture
suction in fjgure 4. Since the yields in

r

different years and locations varied greatly, a relative yield was calculated by
dividing each yield value by the average
for its particular location and year. The
relative yields were then plotted against
the mean soil moisture suction. Mean

the soil somewhat drier causes yields
drop off only slowly, but when ~._
suction is less than about 2.5 bars average the seed yields drop off sharply.
The optimum conditions were most
closely approached by the moderately dry
treatment at Greenville. On the average,
this trea tmen twas 91 pounds per acre
(41 percent) better than the extremely
dry or extremely moist levels (table 10).
Hay and chaff yields were intermediate
on the moderately dry moisture level. The
sugar concentration of the nectar was
high on the dry soil moisture level, but
not appreciably different on the other
three. The row stand, however, had more
highly concentrated nectar than the hay
stand. Nectar volume per flower was
generally proportionate to the soil moisture level until July 5. Between this
date and July 12 there was a general
decline in nectar secretion on all moisture levels, but the decline on the high
level was more rapid than the others
(figure 5). On July 12, therefore, the
intermediate moisture levels were superior
to the extremes in nectar secretion t'
flower. For further discussion of s~..
moisture see pages 16-19.
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Influence of soil moisture on nectar secretion by Ranger alfalfa, 1956 (1=
lowest moisture level)

soil moisture suction was obtained by
averaging weekly soil moisture suction
values; which in turn, were obtained by
integrating each individual observation.
The observations were taken at different
depths in the crop root zone. The solid
curve and the broken curves plotted in
figure 4 were obtained by considering the
relative yield for each one bar suction
interval and finding its average value
and the standard error. The solid curve
passes through the average points and
the dotted curves through the points representing the standard error.

Fertilization
Nitrogen
The experimental set-up at Greenville
did not permit an appraisal of the effect
of nitrogen fertilizer on alfalfa seed
yields. At Newton where nitrogen was
applied to wheat and barley intercropped
with alfalfa, wheat yields were increased
4.5 bushels per acre while alfalfa seed
yields were reduced 43 pounds (table 11).
It is not clear whether nitrogen exerted a

An equivalent mean soil moisture suction of about 4± 1.5 bars is in the favorable range for seed production. Having
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( , ble 11. The effect of wheat and barley intercropping in 48-inch rows and of
nitrogen fertilization* on alfalfa seed production, Newton, Utah
1955
Treatment

Alfalfa

Intercrop

lbs./A

bu./A

..

232
203

·.
15

17

224

10

347

10

.. .

·.

376

8

..

·.

With wheat not fertilized ....

391

.

With barley not fertilized ........ .. .

*

[

Intercrop

21

267
327

LSD .05 . . . . . . . . . . . . . . . . . . . . . . . . . . .

I

bu./A

With wheat fertilized ....... . . . .....
With barley fertilized ......... . . ...

Alfalfa

[

lbs./A

Check 48-inch rows ........... .. , ...
.... . ...

1956

I

27

.

48

I

I

40 pounds of nitrogen per acre in 1955, 80 pounds in 1956

Table 12. Yield of alfalfa seed as affected by residual phosphorus fertilizer*

.
Seed yield
(22-inch rows)

Treatment
Crop
fertilized

Year

'Element

Pounds/acre

1st year
1955

2nd year
1956

pounds per acre

(
Potatoes

1952

..
44

Nothing
Phosphorus
LSD at .05

Sugar
beets

1953

Nothing
Phosphorus

44

LSD at .05

Peas

1954

..
44

Nothing
Phosphorus
LSD at .05

*

179
179

343
329

NS

9

180
179

341
331

NS

9

186
173

335
337

11

NS

Data obtained under Western Regional Research Project W-29
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Table 13. The influence of residual phosphorus fertilizer on alfalfa seed and for(
yields and phosphorus content of soil and forage, Greenville Farm*
.

Treatment
Crop
fertilized

Year

Potatoes

Nothing ...
1953 Phosphorus

Lbs./
acre

Element

262
262

2.12
2.23

1474
1552

NS

0.09

21

44

267
257

2.08
2.27

1436
1591
21

44

I~

0.09
2.08
2.28

1444
1582

0.09

21

44

LSD at .05
Sugar
beets

Nothing ....
1954 Phosphorus

I

LSD at .05
Peas

Nothing ..
1955 Phosphorus
LSD at .05

*

I
....

NaHCQ.
soluble
soil-P
1957
ppm

First year alfalfa 1956
1st cutting 5/19/56
Seed
yield Forage yield I Sol-P
ppm
lbs./A
tons/acre

I

271
253

I

9

I

I

17.4
20.9

I
I

I

0.32
17.8
20.5
0.32

~
I
21.1

0.32

Data obtained under Western Regional Research Project W -29

direct or an indirect effect on alfalfa
through increased competition from stimulated wheat yield.

Phosphorus
The residual influence of phosphorus
fertilizer in reducing seed yields is shown
by the data in table 12. The data for
first-year alfalfa seed represent the yield
obtained after the first cutting was removed for forage. While differences in
seed yield are not impressive, they indicate
a tendency for phosphorus fertilizer to
depress seed yields.

Data given in table 13 confirm the
tendency shown in 1955 for high levels of
available soil phosphorus to depress seed
yields. While available soil phosphorus
concentrations were reflected in phos"
phorus concentration in the whole (~
fal£a plant and in increased forage yielas,
one and two year residual phosphorus applications significantly depressed alfalfa
seed yields. Residual available soil phosphorus in concentrations greater than 17
ppm is associated with a depression in seed
yields. There is need for further study
on the problem of fertilizer influence on
seed yield.

DISCUSSION
desirability of thin stands for seed production. Where vegetative growth tends
to be rank or pollination is below optimum, care should be exercised to see

Because of the relation to several
ecological factors favoring seed production, there is little question about the
28

(

by disking or harrowing is a good one. In
a general way these operations duplicate
our thinning experiments. Apparently
the stand should be thinned out as the
plants grow larger. A stimulation of seed
production through certain unknown
physiological processes seems also to be
involved in thinning the stand.

t a thin stand is maintained and that
is not over-stimulated by irrigation
and fertilization. Where growth conditions are good, as at Newton, it appears
that stands thicker than 100,000 plants
per acre are excessive for seed production;
but where they are less favorable, as at
the Evans Farm, a somewhat higher density can be tolerated without reducing
the seed yield materially. However, dense
hay stands should be avoided on drier
sites as well as wetter ones.

It

Obviously the objective in alfalfa
seed production is to control soil moisture so that peak yields of seed will be
obtained. At Newton any treatment that
would tend to dry the soil would be
beneficial. It should not be irrigated for
alfalfa seed production. The Evans Farm
and Greenville sites, on the other hand,
require irrigation to give the best results.
The soil at the Greenville site holds
enough water so that if properly irrigated
before the plants bloom no further irrigation is-needed. At the Evans Farm an
additional irrigation may be beneficial.

On the basis of all the situations that
the writers have observed, seed production in relation to stand density might
be considered as a four dimensional
proposition. The space values in perpendicular directions along a horizontal plane
would be the first two dimensions and
height the third. This means that stands
can be more dense if the plants are shorter
and vice versa. The fourth dimension,
time, is determined by pollination. Faster
pollination makes the other dimensions
I
less critical. This, no doubt, comes about
because plants tend to become reproduc(
! r.ather .than vegetative when pollination IS rapId. It should be remembered
that these studies were made in an area
where honey bees are the principal pollinators. Alkali bees have been reported
to work dense stands at least as well as
thin ones, but definite evidence is lacking.

The negative relation of phosphorus
to seed yield on the area where it was
studied raises the question as to the optimum level for seed production. Is it
below the level needed for hay production as the data indicate? If so, is the
relation to forage yield the important
factor or is there a more profound relation to other delicately balanced factors in seed production?
The complex nature of the effects of
environmental factors on alfalfa seed
production becomes obvious from the
foregoing results. For example, the fact
that seed yield is a curvilinear function
of soil moisture tension may lead to conflicting results. An experiment conducted where the prevailing conditions were in
agreement with the ascending portion of
the curve would give results just opposite

While the simplest way to get a thin
stand is to restrict the amount of seed
planted, there is considerable range in
percent establishment from one area to
another. For this reason, the seeding rate
should be higher for some areas than for
others. If the stand is excessive, it
should be thinned after establishment.
The practice of cultivating seed fields
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to what would be obtained from the
descending segment. Forage production
is related to soil moisture in a different
way from seed production.
An extremely important factor which
has not been included experimentally in
these tests is pollination. No entirely

satisfactory method for its control
been devised. It is thought that rap...
pollination may make such considerations
as stand, forage yield, and soil moisture
less critical. Until such time that these
factors can be studied together no definite
conclusions can be reached.

SUMMARY
1. Studies are reported on experiments
conducted from 1952 to 1957 by the
Legume Seed Research Laboratory on
seeding rates, row spacing. intercropping,
thinning, watering, and fertilization for
alfalfa seed production. Ecological factors affeccing seed production such as
plant population, insect pollination, soil
fertility and moisture, light, temperature, humidity, precipitation, diseases,
harmful insects, and atmospheric pressure are discussed. Plant characteristics
such as height, lodging, blossoming, and
nectar secr~tion are also discussed.

grass reduced alfalfa seed yields markedly and most of the grass seed shattered
before harvesting. Intercropping with
barley was unsatisfactory because of lodging; however, intercropping with winter
wheat (Brevor) showed promise where
moisture is sufficient for both crops.
6. Relatively thin, erect stands, favored light penetration, higher soil temperature, and lower relative humidity, all
of which appeared to favor nectar secretion and thus honey bee visitation and
pollination. Certain unknown physiological factors restricting the abscission of
pods from pollinated flowers were also
favored.
7. Yield increases were derived f'{jf!l
thinning established stands that ,
greater than those which could be attributed to the change in stand density.
Possible explanations for this stimulation
are discussed.
8. Sprinkler irrigation reduced yields
when applied during the period of maximum blooming.
9. Yields were decreased when the
soil moisture prior to blooming was allowed to reach levels below those giving
a mean suction of 2 bars.
10. No additional benefit was obtained by adding water when 15 inches of
available water was present in the root
system at the time flowering commenced.

2. In Cache County, alfalfa stands
planted at 3 and 12 pounds of seed per
acre in 8-inch rows were inferior for
seed production to stands planted in more
widely spaced rows and in hills. Results
from Millard County were inconclusive.
About 100,000 plants per acre appeared
to be optimum for the initial stand in
Cache County. Owing to poor emergence
and survival of seedlings in Millard County, all the stands studied were below this
level.
3. A low seeding rate (10 seeds per
foot) was better than a high rate (40
seeds per foot) in all row spacings.

4. The 24-inch row spacing
better than the 48 or 8.
5.

was

Intercropping with crested wheat-
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alfalfa for seed production was not clearly
defined.
12. Residual available soil phosphorus
in concentrations greater than 17 ppm
is associated with a depression in seed
yield. The effect was noticeable on both
first and second year alfalfa.

hen the soil contained only 7 inches of
available water at the start of blooming,
one additional irrigation following full
bloom when the mean suction reached
about 4 bars appeared to be of value.
11.

The effect of nitrogen applied to
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